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(or  mass)  G  of  an  aircraft  is  composed  of  the  terms 
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The  four  G  terms  on  the  right-hand  side  of  this  equation  denote, 
respectively,  the  structural  weight  of  the  aircraft,  the  weight  of  all 
power  equipment,  the  weight  of  fuel,  and  the  weight  of  the  crew, 
equipment,  and  payload.  Dividing  both  sides  of  the  total  weight 
equation  by  G  yields  four  relative  weight  coefficient  terms  whose 
sum  is  unity.  These  coefficients  are  useful  in  determining,  among 
other  factors,  certain  performance  and  economy  characteristics  of 
cruising  speeds.  The  author  concludes  that  the  equation  of  relative 
weights  is  the  bksic  equation  which  establishes  the  relationships 
between  the  flylaj  characteristics  of  an  aircraft  and  its  parameters. 
Orig.art.  has:  lo  formulas  and  2  figures. 
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ON  THE  EQUATION  OF  RELATIVE  WEIGHTS  OF  AN  AIRCRAFT 

N.  A.  Fomin 

The  total  weight  (mass)  of  an  aircraft  is  composed  of  several 
parts  with  distinguishing  features: 


Ot  “  On  +  Oty  +  Ot  +  Oar  t  (  1  ) 

where  GK ,  GCy ,  GT ,  and  GC3r  are,  respectively,  the  structural  weight 
of  the  aircraft,  the  weight  of  all  power  equipment,  the  weight  of 
fuel,  and  the  weight  of  systems,  equipment,  crew,  and  payload. 

The  Gk  depends  on  a  number  of  parameters  of  the  aircraft  and 
its  parts,  mainly  on  wing  loading  p,  wing  aspect  ratio  A,  coefficient 
of  rated  overload  n^,  the  weight  of  the  aircraft,  etc. 

The  GCy  depends  on  the  weight  of  the  engine,  the  value  of  thrust 
of  the  aircraft,  the  weight  of  tanks,  etc. 

The  Gt  depends  on  specific  fuel  consumption,  range  of  the  aircraft, 
its  cruising  speed,  weight  of  the  aircraft,  etc. 

The  GC3p  in  general  is  not  directly  connected  with  the  parameters 
and  characteristics  of  the  aircraft  or  its  weight  and  is  determined  in 
accordance  with  technical  requirements,  depending  upon  the  type  of 
aircraft  and  its  function. 
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If  we  divide  both  sides  of  (1)  by  G„  we  wii:  obtain  the  equality 

C 

<*  1  ■“  Xi  +  k*s  •!*  +  5*k  •  ( 2 ) 

to  which  attention  was  turned  for  the  first  time  by  V.  F.  Bolkhovitdinov 
[1];  it  is  called  the  equation  of  relative  weights  of  an  aircraft,  where 

X  7  0(|  Of  —  0.w 

•■■".-r-*  ~pr~  •  *t»r  —  -  -  are  the  relative  weights  of  the 

v«  V|  oe 

structure,  propulsion  system,  fuel,  equipment,  crew,  and  loads.  The 
relative  weight  of  the  propulsion  system  can  be  presented  as 

where  tg  is  the  starting  trust-to-weight  ratio  of  an  aircraft  with  a 
turbojet  engine  and  rQ  is  the  specific  weight  of  propulsion  system. 

The  relative  weight  of  the  fuel  load  E?  can  be  expressed  as 
follows:  for  a  given  duration  t'  of  flight  of  an  aircraft  with  turbo¬ 

jet  engine: 

A»  P"  A/,  ( ij ) 

and  for  a  given  range  L  of  flight  of  aircraft  with  a  turbojet  engine 

ITlaX 

at  MKp  ■  const  and  HRp  ■  var, 

kr-lRtCu  +  «.  (5) 

where  s  ■  1.15-1.20  -  a  coefficient  considering  aeronautical  margin, 

R  -  0. 00145,  if  lcT  <  0.3, 

R  -  0.001,  if  0.3  <  £t  <  0.5, 
u  ■  0.0009  Hj(p,  if  Kt  ±  0.3  and  M  <  2.0, 
u  -  0,0009  HKp  +  4»5«Tot^t",  if  0.3  <  E*  <  0.5  and  M  >  2.0, 
u  ■  0.0009  HKp  +  0.09,  if  0.3  <  fcp  <  0.5  and  M  <  2.0, 
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—  coefficient,  considering  the  influence  of  speed  of  flight  on 
specific  fuel  consumption, 

£  —  coefficient  considering  the  influence  of  speed  of  flight  on 
engine  thrust, 
a  -  relative  air  density, 
t'  —  time  of  flight  (for  Formula  4), 

t"  -  time  of  acceleration  [takeoff  run]  (for  Formulas  ^  and  5), 

Cip a  —  specific  fuel  consumption, 

u  p 

c  -  drag  coefficient  at  c  =  0,  Dn  *  c  /c 
xq  y  u  y 

MKp  -  Mach  number  corresponding  to  cruising  speed, 

H«p  -  mean  value  of  cruising  altitude. 

Using  the  equation  of  relative  weights  (2)  and  the  given  equalities 
( 3 ) — ( 5 )  it  is  possible  to  obtain  expressions  for  "available"  thrust- 
to-weight  ratio  tQp  (turbojet  engine): 


/•p 


l  —  —  * 

'•  +  *  **  CT| 


(6) 


if  duration  of  flight,  is  given,  and 

4 


7  _  ^*»r 

- 7. - 


Ct,  ^  v  _  _a_ 


r%M, 


(7) 


*p 


if  range  is  given;  they  permit  Judging  about  the  character  of  the 
influence  of  one  or  another  parameter  on  the  "available"  thrust-to- 
weight  ratio  of  the  aircraft.  It  is  necessary  to  keep  in  mind  that 
use  of  the  formula 


<V 


is  meaningful  only  for  designed  aircraft;  to  find  tg  for  projected 
aircraft  in  this  way  is  impossible,  since  Gc  is  a  quantity  dependent 
of  Pgcy  Analysis  of  (6)  and  (7)  permits  Judging  about  the  qualitative 
influence  of  different  parameters  on  tQp. 
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'tCHrnrnnmimt'. 


Quantitatively  this  influence  can  be  determined  with  help  of  the 
formulas 


•j'  r  •  • 

■V  7  ft 

l-X  ’ 


r  >-•**« 


70'-i 


l+lcy(.4-l) 


(8) 


A  C  L  r  - 

where  », «  -i- .  «,—  ■  "M.  >  «4  — — ;  El  is  a  new  value  of  En, 

*«  C-H  f%  U  U 

obtained  if  En  is  increased  by  AEn.  If  we  increase  thrust-to-weight 

ratio  Eg,  installing  on  the  aircraft  two  engines  instead  of  one,  at 

L  ■  const,  G _  ■  const  and  El  ■  e,E„: 

max  csr  h  1  k 


<o- 


1  +  *t) 
0*\ 


==-  +  V« 

<4 


The  formulas  in  (8)  can  easily  be  obtained  from  the  equation  of 
relative  weights: 


*i +  *«  +  *i +  A4  —  1. 

If  E1  is  increased  by  Al^,  then  E2»  ^3*  and  ^14  will  be  changed  and  the 
equation  will  take  the  form 


+■  +  *1  +,Ii  +  /F4  « 1. 


Then 


Setting  P' 


p 

*cy  ’ 


we  will  obtain 


) 


or 


to 


(9) 


For  actual  realization  of  an  aircraft  with  a  prescribed  M  number  of 
horizontal  flight  to  be  possible  requires  first  of  all  equality  of 
"available"  and  "required"  thrust-to-welght  ratio.  The  latter  can  be 
expressed  on  the  basis  of  the  equalities 


and 


Af., 


Thus , 


3.-15 SiSst.  If  Mmax  is  given, 
or 

flO6OAf*0-  M  ,  , 

to, 1* - lf  18  glven> 

Equating  tQp  and  tgn »  we  have 

1  -  *ew  ■  4fi50  Af  j|<s  0 a 

/’,  +  *t!ACTi  V  “  TT" 


(10) 


(11) 


5 


I 


l—^i  7t#r  tfft  £mi  |/  f#|  ^  m 

' — 7. - — \m —  ■' - 77 - 17“ 


Ol') 


Prom  this  we  will  obtain  equations  with  respect  to  M  which  enabling  us 

to  determine  that  value  of  „  or  which  is  possibly  and  practically 

max  np 

realizable  for  an  aircraft  with  the  selected  parameters: 


A*  •  A car  |  p,  fi,  i  Ct,  i  f |i  Lmw  OT  t  • 


*¥stiQMm»tCg(r$  + 1 AC»# O  —  (1  —  A*  —  k(tr )  “  0, 


Any  greater  value  of  M  can  be  found  with  decrease 


Lma  •  bu  •  ^  • 


(12) 


40^0  —  Afip  \p  (1  —  Ai  “  Aar  ~#)  +  Lmti "0>  (12*) 


Any  smaller  value  of  M  will  provide  the  possibility  of  increasing 


Lmn •  bar  •  t « 


Solving  the  first  equation  (12),  we  will  obtain  for  M  at  a  given 
duration  t' 


Af.ai  -  1 / - tP° 

V  46500  eM(r,  +  tHC.U 


(13) 


Note.  For  determination  of  the  value  of  M_  it  is  possible  to 
-  max 

use  graphic  procedure.  Pursuing  several  values  M,  determine  t, ,  c x. 
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and  4/  and  by  13)  calculate  M  ,  Construct  a  curve  in  coordinates 

ma  x 

M3a;i  and  Mmct  (Fig.  1);  Mmax  can  be  found  from  Its  Intersection  with 
a  straight  line  drawn  from  the  origin  of  the  coordinates  at  an  angle 
of  *45°;  M3ajl  and  MHCT  must  be  taken  in  the  same  scale. 


Fig.  1.  Example  of 
graphic  solution  of 
equation  (13). 


The  quantity  MKp  can  be  found  also,  using  a  graphic  solution 
(Fig.  2),  taking  the  following  functions  for  plotting  of  curves: 

605OAfic*r#- f, 


and 

Map  0  at  ”®)“ 

-«**C*4 mmlp'VlZDt-K.  '  (1H) 

/ 


Fig.  2.  Example  of 
graphical  solution  of 
equation  ( 14 ) .  In 
points  A,  B,  and  C  a 
given  value  of  Lmax 

can  be  obtained ,  other 
things  being  equal  and 
with  corresponding  values 
of  P^p  and  tQ.  Between 

points  A  and  B  the  given 

value  of  L  „  and  other 
max 

things  being  equal  cannot 
be  obtained. 
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trm  ax 


The  point  of  intersection  of  these  curves  on  the  graph  In  coordinates 
M,  0^,  and  02  will  determine  the  unknown  value  MK  . 

Prom  (13)  and  ( 1 M )  it  is  easy  to  see  that  to  each  M,  at  constant 
values  of  all  parameters,  there  will  con  espund  Its  own  I<^ ,  which  can 
be  called  the  "necessary"  specific  weight  of  the  structure  of  the 
aircraft.  Using  (11)  and  (11'),  it  can  be  expressed: 


(15) 


or 


The  "available  specific  weight  of  the  structure  E Kp  is  the  weight 
which  can  be  obtained  at  given  strength  of  the  structure  and  selected 
parameters  of  wing,  fuselage,  etc.  It  can  be  expressed  by  these 
formulas : 

for  aircraft  with  sweptback  wing, 

S^-(o,027W/»4Aj.j/y  +  ^(l+p1X4m  +  ?,)  +  0,065,  (17) 

for  aircraft  with  delta  wing  of  small  aspect  ratio, 


-  (o,049fM„  0?  j/~  +  j)  0  +  »*  +  M  +  0,065.  (18) 

Here  Qc  -  in  m  total  weight  (mass)  of  aircraft, 

0^  ■  0.07-0. 09  -  for  supersonic  aircraft, 

0,  ■  0.065-0.08  -  for  heavy  subsonic  and  transonic 

aircraft , 

0^  ■  0.08-0.115  -  for  transonic  transport  aircraft, 
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m  ■  1 
n  -  1.2-1. 3 
B2  -  0.27 
82  -  0.15 

n 

L1 

zi 

e2 

”2 


for  supersonic  aircraft, 

for  subsonic  and  transonic  aircraft, 

for  supersonic  aircraft, 

for  subsonic  and  transonic  aircraft, 

coefficient  of  relief  of  wing, 

wing  taper, 

portion  of  fuel  In  wing, 

relative  coordinate  in  fractions  of 
semispan  of  CG  of  fuel  In  wing, 

portion  of  weight  of  propulsion  system 
in  wing, 

relative  coordinate  In  fractions  of 
semispan  of  CG  of  power  plant. 


The  major  problem  of  designing  reduced  to  ensuring  the  equality 
of  "available"  IcKp  to  "necessary"  I<Kn . 

On  the  basis  of  the  material  outlined  above  it  can  be  concluded 
that  the  equation  of  relative  weights  of  an  aircraft  is  the  fundamental 
equation  with  which  the  relationships  between  the  flight  characteristics 
of  an  aircraft  and  its  parameters  are  established. 
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